Summary. Weight, histological and biochemical changes in the rat epididymis were investigated during prepubertal, pubertal and postpubertal periods. The 
Introduction
Although histological and biochemical changes that occur during testicular maturation are well documented, little is known about the preparatory changes that take place in the epididymis in the prepubertal rat. The epididymis, like the accessory sex glands, is an androgen-dependent organ (Bishop, 1961) , and other testicular products, e.g. rete testis fluid and/or spermatozoa, may also affect epididymal physiology (Elliot, 1965; Waites & Setchell, 1969) . Reid (1959) has studied the histogenesis of the rat epididymis from birth to puberty and Brooks (1976) has examined the changes throughout the whole excurrent duct system. We have investigated the functional maturation of the epididymis while critical events are occurring in the gametogenic and endocrine compartments of the testis. The present study covers the period from the time the epididymis first becomes influenced by androgens to that when the histological differentiation in all epididymal regions is complete. Epididy¬ mal maturation at different ages was also compared with that of the accessory sex glands.
Materials and Methods
Colony-bred male rats of known birth date were killed at 21, 35 and 42 days (prepubertal) and 60,90 and 120 days (pubertal) of age. To examine the response of the epididymis to exogenous androgen, prepubertal animals were treated i.m. with 100 or 150 pg testosterone propionate/day from the 14th or 28th day of age, respectively, daily for 7 days (Table 1 ). All the rats were reared under uniform husbandry conditions in air-conditioned (24 ± 1°C) quarters.
At autopsy the testes, caput and cauda portions of the epididymis, seminal vesicles, ventral prostate and coagulating gland were excised and weighed. The testes and epididymal segments were fixed in Bouin's fluid and the sections were stained with haematoxylin and eosin. Levels of total protein (Umbreit, Burris & Stauffer, 1959) , sialic acid (Aminoff, 1961) , glycogen (Montgomery, 1957) , phospholipid (Hawk, Oser & Summerson, 1957) and glycerylphosphorylcholine (GPC) (White, 1959) were measured in epididymal tissue. Alkaline phosphatase activity in the ventral prostate and fructose concentration of the coagulating gland were taken as indices of secretory activity of the accessory sex glands. The activity of alkaline phosphatase was measured according to the procedure of Hawk et al. (1957) In 21-day-old rats the tubular diameter of the epididymis was narrow and the lumen was lined by cuboidal or columnar cells which were arranged in one or two layers. Stereocilia had appeared in some tubules of the caput but none was present in the cauda epididymidis. By 35 days there was an increase in the tubular diameter and the initial segment of the caput epididymidis showed distinct adult features although the epithelial cell height was relatively low. In the distal caput region a strati¬ fied epithelium was seen only in a few areas and the lumen contained a few spermatids. In the cauda region the epithelium was 2-4 cells thick and the cells were of the columnar type. In 60-day-old rats the caput epididymidis showed all the adult features, including spermatozoa, but it was not until 90 days that the cauda had differentiated into the adult type and so-called light or clear cells could be seen in the epithelium. In the proximal cauda epididymidis the size of the tubules was greater than that in the caput and the epithelial cells were low and columnar, while in the distal cauda the tubular diameter was maximal and the lumen was lined by cuboidal epithelium. Treatment There was a significant increase in sialic acid concentration in the caput epididymidis up to 42 days followed by a decline at 60 days and the level remained unaltered during puberty. In contrast, there was a gradual but insignificant rise with age in the cauda region. In all the age groups (excepting 42 days) sialic acid concentration was higher in the cauda epididymidis (P < 0-01 ). A marked increase in glycogen level was seen up to 90 days in both the segments of the epididymis.
The first significant rise in phospholipid content was seen at 60 days and the level was maintained until 120 days. At 35 days and later, the cauda epididymidis contained higher concentrations of 
Discussion
The present study shows that the functional maturation of the epididymis and accessory sex glands of prepubertal rats occur together. The first phase of rapid growth of the epididymis (up to 60 days) corresponds closely to the period between the onset of androgen production and the attainment of high circulating levels of testosterone and dihydrotestosterone (Knorr, Vanha-Perttula & Lipsett, 1970; Gupta, Zarzycki & Rager, 1975) . The increase in accessory organ weight up to 60 days was equivalent to those of the epididymis and testes and thereafter the growth of the accessory sex glands exceeded that of the epididymis. The weight changes in the accessory organs and epididymis up to 60 days of age probably reflect true tissue growth, whereas in sexually mature rats they reflect both the tissue growth and an increase in their secretory products. This supposition is substantiated by the present observations on testosterone-treated prepubertal rats and those on adult castrated rats (Rajalakshmi & Prasad, 1968 ; Brooks, Hamilton & Mallek, 1974) .
The Leydig cells are functional in 21-day-old rats (Knorr et al, 1970; ) although the epididymis is still histologically undifferentiated. At this age, however, dihydrotes¬ tosterone and cytoplasmic receptors appear (Calandra, Podestà, Rivarola & Blaquier, 1974) , together with increased levels of androgen-binding protein (ABP) (Hansson et al, 1974) , in the caput region, suggesting that the epididymis is already under the influence of androgens. The number of fully differentiated Leydig cells increases by 35 days when plasma concentrations of testosterone and dihydrotestosterone are reported to be rising (Gupta et al, 1975) . Histological differentiation was at an advanced stage in the caput region while the cauda epididymidis continued to show infantile features. The presence of spermatids in the epididymal ducts at this age suggests that testicular fluid, possibly containing androgen (Cooper & Waites, 1974) , was entering the epididymis in significant quantities (see Setchell, 1970) , thus facilitating early differentiation of the caput region. The develop¬ ment of stereocilia appears to be androgen-mediated since their appearance in prepubertal rats could be hastened by exogenous testosterone.
Spermatozoa were present in the epididymal tubules of 60-day-old rats. Peak levels of ABP in the caput are seen around this age (Hansson et al, 1974) and the concentration of dihydrotestosterone within the epididymal tissue is about 5-fold more than at 35 days (Calandra et al, 1974) . These findings suggest that the rat attains puberty by 60 days of age, both in terms of gametogenic and endocrine activities. The delay of histological differentiation of the cauda epididymidis into the adult type until 90 days could be due to a low receptor concentration in the cauda epididymidis of growing animals or to a higher requirement of androgen by this region (Gupta, Rajalakshmi & Prasad, 1974) .
The presence of appreciable quantities of GPC and sialic acid in the epididymis of 3-week-old rats, before its histological differentiation and testicular androgen production, suggests inherent secretory ability of the epithelium. At this age the epididymis and the accessory organs have the capacity to respond to androgen stimulation. It is, however, only in the 6th post-natal week that androgen-induced stimulation of epididymal secretory activity becomes evident (Hall & Gomes, 1973 ; Gupta et al, 1975) , and this is well in advance of sperm entry. A second rise in GPC level between 60-90 days is possibly due to a further increase in the concen¬ tration of androgens in the circulation (Ghanadian, Lewis & Chisholm, 1975) and in the epididymal tissue itself (Calandra et al, 1974) . The significant increase in epididymal GPC concentration in the androgen-treated prepubertal rats supports this view, because spermatozoa do not participate in the accumulation of GPC in the epididymis (Dawson & Rowlands, 1959; Brooks et al, 1974) . Until 60 days of age the cauda epididymidis contained relatively higher concentrations of GPC. Although the caput epididymidis is reported to be more active in GPC synthesis (Dawson & Rowlands, 1959) , a higher concentration is to be expected in the cauda if GPC is even partly responsible for maintaining osmotic pressure of fluid in this region (Riar, Setty & Kar, 1973) .
A rise in the sialic acid level in the caput epididymidis until Day 42 followed by a significant fall at 60 days suggests a dilution imposed by testicular fluid, and ligation of the efferent ducts before the onset of puberty prevents this fall in sialic acid (Rajalakshmi & Prasad, 1969) . Since nearly 80 % of the testicular fluid is resorbed in the proximal epididymis (Howards, Johnson & Jessee, 1975) , no dilution in the sialic acid level is to be expected in the cauda epididymidis at puberty ; at all the ages examined the cauda generally contained higher sialic acid concentrations. Previous investigators have reported that the sialic acid concentration in the epididymis is androgen-dependent (Peyre & Laporte, 1966; Rajalakshmi & Prasad, 1968) . The present study, however, has shown that androgen does not influence the sialic acid level in the epididymis of prepubertal rats : its continued rise in the epididymis even before sperm entry indicates that this constituent is locally synthesized. Brooks (1976) has also reached a similar conclusion.
Our findings on the amounts of protein and glycogen in the epididymis of maturing rats are comparable to those of Brooks (1976) . Glycogen in the epididymal epithelium has been considered as an energy reserve (Brooks, 1976) , and as a source of the glucose-6-phosphate needed for pentose phosphate activity in this organ (Sholl & Leathern, 1973) . The rise in phospholipid concentration at 60 days of age does not seem to be due to sperm entry because efferent duct ligation is reported not to alter epididymal phospholipid level (Turner & Johnson, 1971) ; the elevated androgen concentrations in the mature rat are probably the stimulating factor.
